Abstract -A test was constructed by combining carbohydrate-deficient transferrin (%CDT) and yglutamyltransferase (GT) and was evaluated in detecting alcohol-dependent patients in a surgical ward. The performance of the combined test was significantly better than that of either %CDT alone or GT alone, as evaluated by calculating sensitivity and likelihood ratio at a specificity of 0.85 and by comparing areas under receiver-operating characteristic curves statistically. Improved performance was found for the whole group of patients, for men, for patients older than 35 years of age, and for those patients consuming more than 60 g alcohol per day. The performance of %CDT alone was similar to that of GT, %CDT being better in the age group 35-50 years, whereas GT was better for those drinking less than 60 g per day and for the oldest patients (>50 years). Neither of the two tests or their combination performed well for patients younger than 36 years of age.
INTRODUCTION
In a previous report (Huseby et al, 1997) , we evaluated carbohydrate-deficient transferrin (CDT) as a marker for detecting alcohol dependency in two groups of patients. Increased CDT values were found in 75% of patients admitted for detoxification, but in less than 50% of alcoholdependent patients in a surgical ward. These data support other investigations showing lower sensitivity of CDT in a general clinical setting rather than in detoxification clinics (Godsell et al., 1995; Gronbaek et al, 1995; Yersin et al, 1995) .
The performance of GT (y-glutamyltransferase, EC 2.3.2.2) was identical to that of CDT, as judged from receiver-operating characteristic (ROC) curves (Huseby et al, 1997) . Similar findings have been reported by others (Anton and Moak, 1994; Yersin et al, 1995) . CDT and GT apparently identify different groups of alcohol-dependent subjects, as they are not statistically associated (Nilssen et al, 1992; Bell et al., 1994; Lof et al., 1994; Huseby et al, 1997 ) and these two parameters show different sensitivity and specificity for patients of differing ages and
•Author to whom correspondence should be addressed. alcohol consumption levels (Huseby et al, 1997) . When CDT has been combined with tests such as GT, aspartate aminotransferase or mean corpuscular volume, increased sensitivity, but decreased specificity, compared to CDT alone were reported (Nilssen et al, 1992; Nystrom et al., 1992; Sillanaukee et al, 1993; Anton and Moak, 1994; Bell et al, 1994) .
We constructed a combined parameter (%CDTIGT) being positive if either or both %CDT (measured as % of total transferrin) and GT were higher than specific cut-off values, and reanalysed the surgical patient group described in our earlier report (Huseby et al, 1997) . This combined parameter was compared to %CDT and GT with respect to sensitivity, specificity, and likelihood ratio. The performance of these three tests in assessing alcohol dependency was compared using ROC and MultiROC analysis (Hanley and McNeil, 1983; Schultz, 1995) , and testing differences in areas under ROC curves for significance.
PATIENTS AND METHODS

Patients
All patients joined this investigation voluntarily, the investigation complied with the Helsinki Declaration of 1975. The patients were hospitalized at the University Hospital of Lilbeck in acute surgery wards (Huseby et al., 1997) . The group consisted of teetotallers, patients with normal alcohol consumption and alcohol-dependent patients. Of 206 initially unselected patients four were excluded due to insufficient serum. No other selections or exclusions were done. There were 132 men and 70 women (aged 20-91 years), the median age values of men and women (45.5 and 48.5 years respectively) were not significantly different. The clinical diagnosis of alcohol-dependency syndrome was based on SCAN interview (SCAN, 1992) (section 11 -Abuse), complying with both ICD-10 and DSM-III-R criteria. Patients' alcohol intake was estimated for the last 2-3 weeks (DOSE), and obtained from 166 of the 202 patients at interview. The median DOSE value was 63 g/day for the alcohol-dependent patients and 26 g/day for the remaining patients.
Blood sampling and analysis
A venous blood sample was drawn from all patients on admission. Serum was collected after coagulation and centrifugation and frozen in portions for later analysis. CDT measurement was performed .using a commercial kit from AXISBiochemicals A.S. (Oslo, Norway) and quantified as a % of total serum transferrin. The %CDT kit is based on microcolumn ion-exchange separation of the transferrin isoforms and then quantification of the CDT forms by radioimmunoassay (RIA). The analytical procedure was performed as described by the manufacturer. The applied cut-off value (highest normal value reported by the manufacturer) was 2.4% for both men and women. In our laboratory, the coefficient of variation (CV) values for this assay between days were 3% for a serum with %CDT = 5.8, 10% at %CDT = 2.5, and 15% at %CDT = 1.3. GT was analysed at 37°C according to the International Federation of Clinical Chemistry (IFCC) recommended method (Shaw et al., 1983) with kit reagents from Boehringer Mannheim (Germany), and was performed using a Cobas Fara centrifugal analyser (Roche Norge AS). The CV between days for the assay was less than 5%. The reference values in our laboratory for GT are <80U/l (men) and <50U/l (women), which were also the cut-off values used in this study. The combined marker %CDTIGT was constructed as a diagnostic rule (Shultz, 1995) and diagnosed positive if GT was greater than 80 U/l (men) or 50 U/l (women), or %CDT was greater than a variable threshold. Sensitivity, specificity, and likelihood ratio were calculated for the diagnostic rule when %CDT > 2.5%.
Data analysis and software
Statistical analyses were performed using the Statgraphics Plus for Windows program (Manugistics, Rockville, MD, USA). The Mann-Whitney (Wilcoxon) test was used for comparison of medians with a confidence level of 95%. ROC curves and estimated areas under these curves were obtained using the GraphROC for Windows program (V. Kairisto, University of Turku, Finland) (Kairisto and Poola, 1995) . This program also calculated sensitivity, specificity, and likelihood ratios at defined cut-off values. The combined parameter %CDTIGT was evaluated by ROC analysis as described for MultiROC analysis (Shultz, 1995) . Most of the curves for the combination ended above the x-axis or did not reach the y-axis (see figures). The plot of the MultiROC curve of the rule: 'positive if male GT > 80/female GT > 50 or %CDT > variable threshold' terminates on the GT ROC curves. Therefore the MultiROC curve was compared to the GT ROC curve ending at the same cut-off value, thus obtaining identical patient groups. These partial curves were re-scaled to a lxl square and the areas calculated using Excel (Microsoft*) and GraphROC programs are shown in the tables as partial areas. The difference in areas under the ROC curves for the same populations was tested for significance as described by Hanley and McNeil (1983) , calculating the P-value for a two-tailed test. The differences were considered significant when P-values were less than 0.05. Figures were produced using the 
RESULTS
The combined parameter %CDTIGT showed higher sensitivity and likelihood ratio than either %CDT alone or GT alone for the whole group of patients (Table 1) , and a significantly higher area under the %CDTIGT curve than the corresponding part of the GT curve (Fig. 1, Table 1 ) was also found. For comparative purposes, sensitivity and likelihood ratio were calculated at a specificity of 0.85 for all groups of patients. No significant differences in sensitivity, likelihood ratio or ROC areas were found between %CDT and GT (Table  1) . Similar results were found for men, but the differences between the parameters for women were difficult to interpret, perhaps because of the low number of female patients. For this reason partial ROC areas for women were not calculated.
The alcohol-dependent patients could be divided by age into three almost equal-sized groups, as shown in Table 2 . The performances of the three parameters were very low in the youngest group (age 20-35 years) as shown by both sensitivity, likelihood ratio, and ROC curve areas (Table 2, Fig. 2 ). For the middle-aged group (age 36-50 years), the sensitivity and likelihood ratio for %CDT was higher than for GT and a Sensitivity and likelihood ratio were calculated at a specificity of 0.85. The areas under ROC curves are reported as areas under the whole of the %CDT and GT ROC curves (total area) and the partial areas of GT and %CDT1GT up to the end-point of the combined parameter, calculated after re-scaling the partial curves to a Ixl square (see Methods). The numbers in parentheses show the number of alcohol-dependent/non-dependent patients in each group.
•Indicates a significant difference (P < 0.05), and n.d. denotes area not determined. significantly larger ROC curve area for %CDT than for GT was also found for this group. The combined parameter, however, showed a higher sensitivity and likelihood ratio than either of the two tests alone and the partial ROC curve area for the combined test was also significantly higher than that for GT. In patients older than 50 years, the partial ROC curve area for the %CDTIGT test was significantly larger than for GT alone. Although the sensitivity of GT was higher than that of %CDT alone for this age group, no significant difference in ROC curve areas between the two tests was found (Fig. 2 , Table 2 ). The patients were also divided into two groups according to reported alcohol consumption; one group consuming less, and the other more, than 60 g/day. In detecting the alcohol-dependent subjects among those reporting low alcohol consumption, all parameters were higher for GT than either the combined parameter or %CDT alone (Table 3 , Fig. 3 ). For those reporting high alcohol consumption (> 60 g/day), the combined parameter performed better than both GT and %CDT (Table  3 and Fig. 3 ). As the MultiROC curve reached the 1-specificity Fig. 3 . Receiver-operating characteristic (ROC) curves for GT and the combined parameter %CDTK3T for two groups of patients with different alcohol consumption.
y-axis for this patient group, the MultiROC curve area could be compared directly to both the %CDT and the GT curve areas.
DISCUSSION
Earlier studies on CDT have concluded that sensitivity and specificity of this marker in detecting alcohol abuse depend to a large extent on the selection of patients and the actual clinical setting. Other studies have indicated that CDT has so far not proved to be an ideal marker of alcohol abuse in general clinical settings (Allen et al., 1994; Gronbaek et al., 1995; Stibler et al., 1991) . Our previous study and in particular the results from some subgroups, support these suggestions.
We also concluded that CDT has limited value in detecting alcohol-dependent women and young persons, and we suggested that the level of CDT not only depends on the amount of alcohol consumed, but also on how long the patients have been abusing alcohol. In a recent investigation (Lesch et al., 1996b) , it was concluded that CDT detects chronic alcohol consumption and its value in demonstrating actual alcohol intake needs further investigation. In the present study, we evaluated the combination of CDT and GT in detecting alcohol dependency, but not actual alcohol intake.
Combining %CDT with GT resulted in an improved parameter, compared to either test alone, as shown by the higher sensitivities, Table 3 . Sensitivity, likelihood ratio and receiver-operating characteristic (ROC) curve areas for %CDT, GT and the combined parameter %CDT1GT likelihood ratios and ROC curve areas. The significance of increased ROC curve areas for the whole group of patients and most subgroups shows clearly that the combination becomes a better discriminator of alcohol dependency than the actual levels of %CDT alone or GT alone. Increased sensitivity and lowered specificity have been reported in earlier investigations where CDT has been combined with other biochemical markers (Nilssen et al., 1992; Nystrom et al., 1992; Sillanaukee et al, 1993; Bell et al., 1994; Godsell et al., 1995) . In a study from a medical department (Bell et al., 1994) including many nonalcoholic liver-diseased patients, the specificity of the combination of CDT and GT was as low as 0.17, compared to 0.96 for CDT alone. As GT can increase due to liver disease (Lesch et al., 1996a) , a lower specificity would be expected for this parameter compared to CDT alone. One might therefore question the possible benefit of combining these two markers. As CDT and GT seem to identify different subjects, a combination will obviously lead to an increase in identified numbers, i.e. an increase in sensitivity. At the same time the combination will also increase the number of false-positives and will therefore result in a lower specificity. Depending on the aim of the identification and thus on the importance of avoiding false-negatives and the possibilities for handling the false-positives, a test with either a high sensitivity or a high specificity should be chosen.
When comparing the ROC curves it should be realized that differences in sensitivity and specificity may also result from group composition and size, and from the cut-off values selected. Using the method described by Hanley and McNeil (1983) , we therefore compared the area under the ROC curves for GT and %CDTIGT and evaluated the statistical significance of area differences. Our data from the ROC curve areas, which are thought to be the best analysis for test performance (Hanley and McNeil, 1983; Shultz, 1995) , indicate that %CDTIGT is a better test in detecting alcoholdependent patients from the whole group, for men, and for patients above 35 years of age, as well as for those reporting alcohol consumption above 60 g/day.
We also showed that neither %CDT nor %CDTIGT was effective in detecting female abusers or young alcohol-dependent persons.
Both of these groups were low in numbers, which could affect the results. An important objective will be to study why females do not show increases in CDT values when consuming comparable amounts of alcohol to men (Huseby et al., 1997) .
Among the older patients (age >51 years), the sensitivity of %CDT was lower than expected. Although they admitted a relatively high alcohol intake (Huseby et al., 1997) , the sensitivity was only 0.33 (at a specificity of 0.85). The increased sensitivity of GT in this age group (Yersin et al., 1995; Huseby et al., 1997) may be related to the fact that GT is increased in older people although the cause of such an increase is unknown (Nilssen et al., 1990) . The combined parameter however, can be a beneficial indicator for this age group.
There are several reasons for choosing a combination of CDT and GT. It has been suggested (Poupon et al., 1989 ) that GT and CDT may identify different aspects of alcohol abuse and liver damage, but this has not been confirmed experimentally (Allen et al., 1994) . We confirmed as shown by other investigators (Nilssen et al., 1992; Anton et al., 1994; Bell et al., 1994; Lof et al., 1994; Yersin et al., 1995) that the two markers are not correlated (Huseby et al., 1997) . Another argument is that GT and CDT have different half-lives in the circulation and the combined parameter would therefore be more independent of the drinking pattern.
Our conclusion is that, in a general hospital setting, although %CDT shows low sensitivity and ROC curve areas, the combination of %CDT with GT gives a significantly improved performance. However, as GT also increases in several nonalcoholic liver diseases, the interpretation of the combined marker test must take this fact into account.
